oy

‘ | | | 265. 11538
CLASSIFICATION CHANGE
To.liﬂgLA§§uiggiz£§Z L
By authority of Ww/
4;,&54@ 2 Date P

Changed by =
Classified Documa:t Master control Station, NASA

Scientific and Technical Information Facility

# wesa |
SERVICE MODULE REACTION Ry
CONTROL SUBSYSTEM o

PERFCHEMARCE SPECIFICATION
PROJECT APOLLO SPACECRAFT

(v) ' - ey
NAS9-150

® #F Ao L

30 April 1962 .

bt

Approved by

J. [ ]
Vice ident and Apo gram Manager :
[4
NORTH AMERICAN |
SPACE and INFORMATION stﬁnng lx\alr'wlgllgi =

e




? ?JORTH AMERICAN AVIATION, INC. @ SPACE and INFORMATION SYSTEMS DIVISION
CONTENTS

Title

SCOPE 0 0 0 0060000800 0OV BP PO OEOPOOBNOILOEOOIOIOIEPNEBDOIIOOEOSOSOSOESIPIOIDS

L

sco”...O........I'....'......Cl..".'......'..l....'.l'.

L APPI‘ICABm mlms"."...'..l.'........Q...Q..Q.ll......

m.r&l....0‘.C..."..l...‘...'.'..0.....0......0...‘0...

Non-Governmemt DOCUMBNLBy cccevevssocscsscsvscessssossccces

N

*

mUmSOOODQDGOQOOOODOQOt.000....0.‘............0..0.0
General Requirements...coeecceeeececcccossccescccscncsoes
Non-stamal'd Commtal...tt..lt......OO...0.0.I..O.Q.OO
Materials and Proce8s®8....cccc00cecttescancrscssasscsonsnse
Design and Construction.cccscecccerecerccecscsseasscosssns
weight...‘.....ll'l'.t'....0.0.0..0...'.0..’..00...0!0'0
Tubrication.cccecossecsecacosccsccacsevsscccsoscsonsoncs
Electrical Components...coeececeesscscorocoesscsscns
S018N0ids.cceeessscescsosssostsrcccssssconscnrccncone
Electrical Connections....ceceeesvvececocccesvccacas
Storage Lif@...ceceesceccecscscssocscscoccsccnsscsocns
Fluid Distribution Iines.......ccccevevevececscsccne
13ne SiBe8.cccctcececnssssssssotacsrecesscosscanas
Iine Connectiond.ccsecessessrscsossoracceonsessses

P OTMATIC®. s s cvvevvorosrvsarsccacscsosssssncoscossassnccncss
ssion Performance Requirements......ccieeseevecenecss
Farth Orbit MissioN..cccevececcesoecccesscsssnscas
Earth Orbital Control....ccececevecscscssccessaces
Rendezvous and Docking Control...scevececoseccesse
Earth Orbital CorrectionS....cciecceccececsrvscncss
Post Atmospheric Abort.ccccceecececcecccscacsanses

N
®
o

¢ & @ e o o o &

DO ONOHHRPHPERHRRERHRRERE 93300 Ewo -
.

#‘PI»"J-‘P'P'-L‘J-"J-“J-‘J»"b#‘&*bbi“b#b#‘bwwuuwmuw\nwNI—'O

v R LR =
S5SQQQQomompammommaarb&bbkbrwuuwwNMN N P

LLLLLLLVLLVLLVLLVLLVLLVLLVLVLVLLVLVVLVLVLVVLVWLVLVLVVLVLLVLVLVVLVLVLLVLVLVLVWLWWWLWW DDON [l o

1

1.

1

.1.
. 1.
J.1.2 Translunar and Transearth.ccececcesesceccccesscscnes
Lo1.2. Midcourse Velocity CorrectionsS...ceeeveecescrccese
o413 Lunar landing Misesion..cecceccsccvscorsoscceasccccsane
X X 030 Imr Landing.......................-............. 1
Lel.3. Iunar Launch.ccceceseeccssosoosccscscescccsvososssce
L4 Preparation for ReentIy....ccceeeeeeseescncccnscccnne '
A.1l.4.1 Preparation for Reentry..ccceeececerecvcccocceanane -
hol.h.2 SOPAration..ccsscececsccsssscsvsscscscrcscrcacscns |
b System OperatioN..cececsccsccsccsscscessccocsoscoccrans :
2.1 GONOIAL. . s eveeosevocrcceaacscasassososssaseasasncose N
A4.2.1.1 Pressurized Helium System.....coecececescccoscccsse |
fo2.1.2 Oxidizer System,.cccceasesesvoscscsscccaseosssssne
A4.2.1.3 Fuel SystemM...cceeoccecsssccscctsscerocscosccsanse
Ao2.1.4 Engine Systeml...ccececcceccccecscoocscossocosscnne
A.2.1.4.1 General Requirements.....ccoeeceeecccecssccccsonss

44~
SID 62-541




/ /’\
N\

NORTH AMERICAN AVIATION, INC. ( ) SPACE and INFORMATION S8YSTEMS DIVISION

CANEREN L
@

CONTENTS
Title

b o
®
(4

Eg
GGG ERFRRFRERERREREEEEEEEE }"’

FREEEFLONDHERPRPE O FREERE [E

Pt

Rocket me.l.‘.".'.....U..'O.“.’..'0.’..‘...‘..0'

.
*

FEWWROORFEE WEWNE nEWwoR DRORDORNONDRNRRDRNNR N

Thr‘lstlaooooooo.ooclonnoou0..'n.o..booaooc..o'oo.o.lo

2
2.1
2.2 Thrust Transient Rat@......eeceevevecvosccscsconscns
2.3 Specific IMpuls®.cceceesesosscsorsascnansassssanssses
2.3.1

2.3.2

C

Continuous Operation....ceecesecsrcccecsscsnssane
Pulse Mode Operation...cceccecereccsssoveescsssns
omponent, POrfoImMANC®. cccveeesteesccsossocssccosssssnsoans
Fluid Compatibility.eceeecereecescorrscecocscocesnosccne
1 Category A Components...c.oesenveecsvescocscrssascscane
.2 Category B.l Components.c.ccecevecreecesconssosocscane
.3 Category B.2 Components...ceeeseovcscccrcsecscssrsescnes
L, Category C Componentsd..cccescesceronsssasasssssscssnse
PregsuresS.cccvivsvercecostcossresvrossonsosscccssnssenne
Laakago.................................,...............
Electrical Requiremonts....ccceecsoevecesvocconconvonssos
1l POWOr SUPPlYeetocovcsccorsrsssscscsnscasesscanssasssosae
02 Gromj.!l&.0......'00...0'.0.'.0l'.........‘..ltl!'.'..
.3 Dielectric Strength..cccecceceveceoccecosvesscsssecces
L, Insulation Resistanc®......ceevecesverssceccccoocccces

.
[
.

L]
.

.

* L) L] L] * . L] L3 . - - A3
* o

3

.

5 somc. uf......."ll.......‘....'Qll....'!....'..'....
6 ENAUIBNCE. . .coseecescscssocscoseresscsosescssssnssossoas
somcm.l..-thOOCOOD0.0...OOO0000.00000.......l......‘..
Servieing Time..cveeiececriteeosecocorcosoosessocscscscns
Propellant lLoading Sequence.......ccceeeeeeecescsesccaces
I.Oading Pointa.'....'....O.'O..QO..O"!.00.0..".00.0.0‘.
Vant PoinbtS.csceceravececscseecssrasassssssssesssescosone
Positive Sealing ProvisionS......cceceevevcecocsscocssces 15
Preflight Checkout.....vccecevnn. tecsasaccscsana cacessreene 15
FitbtingSeceeeerocrscasecsossereacesossoccsassesseasescees 15 .
Instrumentation.cseenceeravscecereccacccocsccsssovaceseas 15 )
Expendable Component Replacement.....sececescececesssccee 15
Filter Replacement...cccoeecceeceoscccvcrccccscssccscsssse 15
Submt&n......--.--.--....................o............. 15 R L
Subsystﬂn Intogration..................-................... 15 .{
Crow SUbBYSLeM..cecerocccseercecocscosccsoosssonccsnccsee 16 C
Normal Functiond...cceeecescccocecsosenccoscocscscsssea 16
Emergency FPunCtions.cececerrerevecessesccocsoasoncecass 16
Environmental Control Subsystem.......ccceccecceosnscevess 16 B
Functicn.................................-.........-... 16 :
Electrical Power Subsysteml.....cooeececcvocececocscosssses 16
mctm.‘.."....l...".t“!.'00...6.0!..0.0.!0.00...0 16
Guidance and Control Subsystems......cccceecescocevcccees 17
mction-ucoooo.-omoo'ooo.-o--'oo.n.ooooooooo-o'otncooo 17

L) .

» L] L] * - . . . L) - L3 . L] L ]
L]

bbbbkbbbb»btbth%ryrrr;pbpbbbbbbrrrrbrrbrbbb

. & »

mmmmmmmmmmppbrbruuuuGummmwmmmmwmmmmmwwmmbmm

o e * e

. L]

-
.

.
-

[ . L [ [) L) *
[ 3
. - -

. L . [ ] [ . .

WLWLWLLLWLLLLVLLLLLVLLVLLLLVLVLVLVLLVLVLVWWLVWWLLLLVWLWLWLWWLWWWLWWWWW

S R

~4i4~
SID 62-541




. NORTH AMERICAN AVIATION, INC. @ SPACE and INFORMATION SYSTEMS DIVISION

CONRIBENTAL
®

CONTENTS
Paragraph Title ¢ Page

-

.5.5 Telecommnication Subsystems......ccovcovececsseenee 17
.5.5.1 FunctioN.e.ecceecesesccecsocencocosocecososcsscceses 17
.6 Environmental Requiremsnts........cceeceveeocevsscacscae 17
Identification of Product....... P 4
Cur. Dat...w.0.0t.'t00'00.00.000..0.0.....'.000...0.....0 17
Reliability Requirements...cccecvieesscscocroccsccecncess 17
Ol mneral...'..0..‘0...0.....0..0.'...'..0...0......0.... 17
2 Numerical Reliability Requirements.......ccccceecceeees 17

*

3 Reliable Operating Lif®..ccceoiveececccncoceccccccsnsces L7
QUALITY ASSURANCE PROVISIONS
M.ral...I'D.0..‘.OO....O...0.‘..0.'...0...0‘...0....." 17
PREPARATION FOR DELIVERY
‘18

Gm‘ral....'......0...."..'......l".......l..l......‘..

NOTES

P TREBC R R B NV S S5 S

ooV VWLWuwLwLLWWWWWW

ILLUSTRATIONS

' "
g

SID 62-541

PN
R



NORTH AMERICAN AVIATION, INC. @ SPACE and INFORMATION SYSTEMS DIVISION

CONMDENTE—
®

1. SCOPE

1.1 Scope.~ This specification covers the performance requirements
of the Service Module Reaction Control Subsystem of the Project Apollo
Spacecraft. .

| |
2. APPLICABLE DOCUMENTS :

2.1 General.- The following documents shall forma a part of this
specification.
d Government Documents
Military
MIL-S-404C Solenoid, Electrical, General Specification for,
dated 23 January 1958

MI1-E-8189 Electronic Equipment, Guided Missiles,
General Specifiecation for,
dated 22 October 1958

MIL-Q-9858 Quality Control System Requirements,
dated 9 April 1959

. MIL-W-16878D Wire, Electrical, Insulated, High
Temperature, dated 16 January 1961

MIL-W-16878/5 Wire, Electrical, Type EE, 200°C., and 260°C.,
1000 Volts, dated 5 July 1961

MIL-P-26539A Propellant, Nitrogen Tetroxide,
dated 31 July 1961

MI1~P-27402 Propellant, Hydrazine, UNS Dimethylhydrazine
(50 percent NoH, -50 percent UDMH),

dated 25 August 1961
MIL~-R-27542 Reliability Program Requirements for

Aerospace Systems, Subsystems and Equipement,
dated 28 June 1961

Standards T

Military

MIT~STD-130A Military Standard Identification
Marking of U.S. Military Property,
dated 8 September 1958
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®

Bulletins
National Aercnautics and Space Administration

NCP 200-2 NASA Quality Publication,
dated 15 December 1961

2.2 Non-Government Documents

Space and Information Systems Division, North American
Aviation, Ine.

SID 62-51 Preliminary Spacecraft Performance
Specification, dated 28 February 1962
SID 62-65 Apollo Design Criteria Specification
dated 28 February 1962
SID 62-81 Crew Subsystem Performance Specification
SID 62-82 Environmental Control Subsystem
Performance Specification
}
‘ SID 62-83 Electrical Power Subsystem B
Performance Specification
SID 62-84 Navigation and Guidance Subsystem
Performance Specification
SID 62-85 System Stabilization and Control
Subsystem Performance Specification
SID 62-86 Telecommunications Subsystem ;
Performance Specification :
SID 62-240 General Requirements for Preparation
for Delivery of Apollo Airborne Equip-
ment

3. REQUIREMENTS

3.0 General Requirements.- The general requirements for the ,
APOLLO Service Reaction Control Subsystem are as specified in NAA ;
Specification SID 62-65.

3.1 Non-Standard Components.-~ The Service Reaction Control Sub-
system shall consist of various types of non-standard components which
are listed in Table I. Each of these components is categorigzed into
one of three major categories depending on the unit's function and
. location in the overall system.

SID 62-541
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3.1 Non~-Standard Components.- continued

Category A - Category A components, as listed in Table
I, are those components comprising the
helium pressurization system. )

Category B ~ Category B components, as listed in Table I,
are those components comprising the hyper-
golic propellant system.

Category B.1l- Category B.l components, as listed in Table

I, are those componentfe comprising the liquid
oxidizer system. :

Category B.2- Category B.2 components, as listed in Table
I, are those components comprising the liquid
fuel system.

Category C - Category C components, as listed in Table I,
are those components comprising the rocket
engine system,

3.2 Materials and Progesses.- Materials, standards, protective
treatment and processes for all hardware comprising the subsystem will
conform to the requirements specified in paragraph 4.6 of NAA Specifi-
cation SID 62-65 and the non-stundard component procurement specifi-
cations. .

3.3 Design and Construction.- The subsystem shall be designed and
constructed to withstand the streins, shocks, vibrations and other
conditions incident to shipping, storage, installation, handling and

rational service. General requirements for the design and construction
of the subsystem are specified in paragraph 4 of NAA Specification
SID 62-65. Design criteria pertinent to the perspective of the overall
subsystem is specified herein.

3.3.1 Weight.~ The design and installed weights of each non-standard
component shall be maintained at an absolute minimum.

3.3.2 Iubrication.~ Each non-standard component shall require no
lubrication during the storage and service life of each component.

3.3.3 Electrical Components.~ Each non-standard component, which

incorporates an electrical device of any kind, shall meet the require-
ments of Specification MIL-E-8189,
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3.3.4 Solenoids.~ Electrical solenoids, which are incorporated in
a non-standard component for the purpose of providing or controlling the
unit's performance, shall meet the requirements of Specification MIL-S-4O040.

3.3.5 Electrical Connections.- To conserve weight, electrical
connectors shall not be utilized for connecting the electrical components
to the subsystem power supply. Each cottponent shall be wired for single-
phase power and shall provide lead wires which mate with subsystem
wiring provisions upon installation into the spacecraft. Wires employed
in subsystem wiring shall be in accordance with Specification MIL-W-16878,
Type E and MIL-C-26500,

3.3.6 Storage Life.- All non-standard components, when sealed and
protected, shall withstand five years storage without requiring re-
conditioning before operational use. "O"-ring replacemsnt, however,
will be acceptable.

3.3.7 Fluid Distribution Lines.- Fluid distribution lines,
compatible with the fluids specified in paragraph 3.4.2.1.2 and para-
graph 3.4.2.1.3, shall be utilized for fluid distribution throughout the
subsystem. The fluid distribution line system is schematically represent-
ed in Figure 1.

3.3.7.1 line Sizes.- Approximate line sizes for the fluid distri-
bution system are noted in Figure 1.

3.3.7.2 Line Connections.- Wherever practical, line-to-line and
line-to-component connections shall be welded or brazed to minimize leak
points. Where component servicing or possible replacement and:overall
system maintenance is a requirement, mechanical line-to-component connections
shall be utilized. A considerable design and testing effort shall be
accomplished for the purpose of developing maximum sealing provisions for
this type of connection.

3.4 Performance.-

3.4.1 Miseion Performance Requirements.- Mission requirements
for the spacecraft shall be as specified in NAA Specification SID 62-51.
The service reaction control system shall function to provide stabilization
and control, after spacecraft launch, in all phases of flight. The system
shall provide ullage acceleration, minor midcourse corrections, terminal
rendezvous and docking, retrograde propulsion for command module and service
module separation on the reentry phase. The roll thruster shall also
be used for pitch and yaw maneuvering whenever the lunar landing module is
attached and in earth parking orbit with the booster upper stage attached.
The subsystem shall be capable of automatic operation with electrical signals
received from the stabilization and control subsystem or by electrical
signals received from the crew. A study on malfunction detection shall

be investigated to determine the adviseability of shutdown of one system if
a thruster in that system fails.

SID 62-541
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3.4.1.1 Earth Orbit Mission.-

3.4.1.,1,1 Earth Orbital Control, - The service reaction |
control subsystem shall provide the spacecraft stabilization and ‘
control during the earth orbiting phase. The subsystem shall provide
ullage acceleration propulsion and roll control while the service
propulsion subsystem is operating for retrograde prior to reentry,

3.4.1.1.2 Rendezvous and Docking Control.- The subsystem will provide h
minor translational capability, roll, pitch, and yaw control for rendez- o
vous and docking while in an earth orbit.

3.4.1.1.3 Earth Orbital Corrections.- The subsystem shall provide
the minor velocity increments required for correction of the earth-orbit
after spacecraft insertion by the launch vehicle.

3.4.1.1.4 Post Atmospheric Abort.- Mission abort during the post- !
atmospheric portion of the launch trajectory will be accomplished by the ‘
Service Propulsion Subsystem. Since the Launch Escape Subsystem is ‘
Jettisoned shortly after escape from the atmosphere, the Service Propulsion g
Subsystem shall provide velocity increments, and the Service Reaction
Control Subsystem shall provide roll control as required.

. 3.4.1.2 Tyanslunar and Transearth.- . _ ‘

3.4.1.2.1 Midcourse Velocity Corrections.- The mission trajectory o
selected will influence the magnitude of midcourse velocity corrections ¥
required in translunar or transearth phase. Reaction Control Subsystem
shall supply minor velocity increments not supplied by the spacecraft's T
Service Propulsion Subsystem. i

3.4.1.3 lunar landing Mission.-

3.4.1.3.1 Iunar landing.- The Service Reaction Control Subsystem's U
roll thrusters shall provide pitch and yaw maneuvering when the Lunar g
landing Module is attached,. ' ‘

3.4.1.3.2 Lunar launch.- The subsystem shall provide roll control o ,
for the Service Propulsion Subsystem on lunar launch.

3.4.1.4 Preparation for Reentry.-

3.4.1.4.1 Preparation for Reentry.- The subsystem shall provide
directional and attitude control of the spacecraft prior to reentry of
the command module.

3.4.1.4.2 Separation.- The subsystem shall provide a sustained

~b-
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3.4.1,4.2 Separation.- continued

translational acceleration of the Service Module along two body axis after
the separation from the Command Module.

3.4.2 System Operation, -

3.4.2.1 General,- The complete service reaction control subsys-
tem consists of two identical reaction control systems identified as system
A and system B. The identical systems are interconnected as shown in
Figure 1. The two identical systems shall be operated simultaneously
during normal subsystem operation, Each control system consists of a
pressurized helium storage and distribution system, an oxidizer storage
and distribution system, a fuel storage and distribution system and eight
rocket engine systems,

3.4.2.1.1 Pressurized Helium System.- The pressurized helium
system shall be composed of the Category A components listed in Table 1
and shown schematically in Figure 1. Each helium supply shall be
contained within one spherical tank which shall be cradle mounted to
minimize detrimental tank flexures. During ground service operations
. : and prior to initial subsystem pressurization, the high pressure helium
will be confined to the storage tanks by means of the normally closed
squib valve. The squib valve shall contain an integral helium filter to
protect the downstream regulators and check valves from harmful
foreign particles. The manually controlled normally open solenoid
valve shall provide the means of isolating the storage tank from the
downstream components in the event of downstream leakage or component
failure., Upon command, the squib valve shall open the helium supply to a
pressure regulation system consisting of two individual regulators
connected in series. The check valves downstream of the regulators shall
prevent the propellants from entering the helium system in the event of
failure of a propellant tank positive-expulsion device., The relief valve
shall contain an integral helium filter and shall prevent a detrimental
pressure buildup in the propellant storage tanks. The vent valve shall
provide means for venting the helium system downstream of the check
valves during propellant servicing operations and helium depressurization
operations, The solenoid valves which connect the high pressure and
regulated pressure areas of system A and system B shall provide an
alternate path for pressurized helium in the event that a regulator fails
closed in either system,

3.4.2.1,2 Oxidizer System.- The oxidizer system shall be composed
of the category B.,1 components listed in Table 1 and shown schematically
' in Figure 1. The f{ill valve will provide the facility for servicing the oxidizer

system during ground operations, The oxidizer supply shall be contained

within a hemi-spherically domed cylindrical tank which shall bm
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A

3.4.2.1.2 Q:ddizor System.- continued
cradle mounted. The tank shall be equipped with a positive-expulsion device.
Pressurized helium from the helium system shall act on the opposite side of
the positive-expulsion device forcing the oxidizer through the oxidiger
distribution system to the rocket engines at the required feed pressure.
During ground service operations and prior to actuation of the helium
system squib valve, the oxidizer will be confined to the storage tank by
means of the burst diaphragm assembly. The burst diaphragm assembly shall
contain an integral filter to protect the rocket engines from harmful
foreign particles. Upon initial pressurization of the subsystem the
pressurized oxidizer shall rupture the burst diaphragm and flow to the
normally closed oxidizer injector valves of the rocket engines. The
manually controlled, normally open solenoid valve shall provide the means
of isolating the oxidizer storage tank from the rocket engines in the
event of a leak in the oxidizer distribution system or a malfunction of
a rocket engine.

3.4.2.1.3 Fuel System.-The fuel system shall be composed of the
Category B.2 components listed in Table I and shown schematically in
Figure 1. The fill valve will provide the facility for servicing the
fuel system during ground operations. The fuel supply shall be contained
within a hemispherically domed cylindrical tank which shall be cradle
mounted. The tank shall be equipped with a positive-expulsion device.
. Pressurized helium shall act on the opposite side of the positive-expul-
. sion device forcing the fuel through the fuel distribution system to the
rocket engines at the required feed pressure. During ground servicing
operations and prior to actuation of the helium system squib valve, the
fuel will be confined to the storage tank by means of the burst diaphragm
assembly. The burst diaphragm assembly shall contain an integral filter
to protect the rocket engines from harmful foreign particles. Upon
injtial pressurization of the subsystem, the pressurized fuel shall rup-
ture the burst diaphragm and flow to the normally closed fuel injection
valves of the rocket engines. The manually controlled, normally open
solenoid valve shall provide the means‘of isolating the fuel tank from
the rocket engines in the event of a leak in the fuel distribution
system or a malfunction of a rocket engine,

3.4.2.1.4 Engine System.-

3.4.2.1,4,1 General Requirements, - The service reaction control

subsystem shall employ 8 rocket engines for roll control, 4 engines for
pitch control and 4 engines for yaw control, Control in each axis shall
be supplied by pairs of engines arranged to provide rotation without
translation and translation without rotation., One engine of each pair
shall be supplied by one of the independent propellant supply systems, :
4 engines shall be mounted in clusters of four on the external surface
of the service module. The center of each cluster shall be located in a

' Plane passing through the C. G. of the earth orbit vehicle configuration,
perpendicular to the longitudinal centerline.

-10- ~CONHDENTAL
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3.4.2.1.4.2 Rocket Engine.- The rocket engine shall be a pulse-
modulated pressure fed, radiation cooled thrust generator.

3.4.2.1.4.2.1 Thrust.- The rocket engine shall develop a vacuum
thrust during continuous operation of 100 pounds plus or minus 5 percent.

3.4.2.1.4.2.2 Thrust Transient Rate.- The rocket engine shall
demonstrate a thrust buildup and thrust decay as described in Figure 2.

3.4.2.1.4.2.3 Specific Impulse.- The rocket engine shall achieve
the following specific impulses during operation under vacuum conditions.

3.&;2.1.&.2.3.1 Continuous Operation.- The rocket engine shall
develop a specific impulse of 300 seconds when operating for periods in
excess of one second.

3.4.2.1.4.2.3.2 Pulse Mode Operation.- The rocket engine shall
develop the specific impulse levels defined in Pigure 3 when operating at
pulse widths less than one second.

3.4.2.2 Component Performance.- Prelfminary performance requirements
for the spacecraft are specified in NAA Specification SID 62-51. A
sumnary of the functional requirements for each category A, B, and C
non-standard component is outlined in Table 1. Performance requirements
which apply to each component category in general, are as follows:

3.4.2.2.1 Fluid Compatibility.-

3.4.2.2.1.1 Category A Components.- All Category A pressurization
system components shall be compatible with high grade oil free commercial
helium for long periods of exposure and intermittent exposures of short
duration.

3.4.2,2,1.2 Category B.l Components.- All Category B.l(oxidizer
system)non-standard components shall be compatible with nitrogen tetroxide
(Ngoh) in accordance with Specification MIL-P-26539, for long periods of
exposure and intermittent exposures of short duration.

3.4.2.2.1.3 Category B.2 Components.- All Category B.2 (fuel system)
¢ non-standard components shall be compatible with a mixture of 50 percent
hydrazine (NoH,) and 50 percent unsymmetrical dimethylhydrazine (UDMH) per
Specification MIL-P-27402, for long periocds of exposure and intermittent
exposures of short duration.

3.4.2.2.1.4 Category C Components.- All Calegory C(engine system)
non-standard components shall be compatible with the fluids specified
in paragraphs 3.4.2.2.1.2 and 3.4.2.2.1.3.

-11-
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3.4.2.2.2 Pressures.~ Helium source pressure for the pressurization
shall be approximately 4500 psig. Propellant shall be distributed to the
engine at an approximate operating pressure of 170 psig.

3.4.2.2.3 Leakage.- All non-standard components shall be designed
to perform as required with gero leakage.

3.4.2.2.4 Electrical Requiremsnts. - Subsystem power requirements
are schamtcially represented in Figure 2.

3.4.2.2.4.1 Power Supply.- All components which are electrically
actuated shall operate from a power supply having the following

characteristics:

Steady State Voltage 24-30 volts d.c.

Transient Voltage Limits 25-30 volts d.c. Recovery time
from one steady-state level to
another upon load changes is less
than 0.7 sec

Ripple Voltage ¢ 250 millivolts peak to peak maximum

‘ 3.4.2.2.4.2 Grounding.- All non-standard components, which are

electrically actuated, shall not be internally grounded.

3.4.2.2.4.3 Dielectric Strength.- All components, which are
electrically actuated, shall withstand 1500 volts (RMS) at commercial
frequency, for a period of one minute, without evidence of insulation
breakdown or flashover.

3.4.2.2.4.4 Insulation Resistance.- The insulation resistance
for each non-standard component, which is electrically actuated, shall
be a2 minimum of 100 megohms, when a potential of 500 volts d.c is applied
for a period of one minute.

3.4.2.2,5 Service life.- All non-standard componesnts shall be
capable of withstanding operating pressure, without permanent deformation,
detrimental damage or leakage, for a period greater than that expected
during normal in-service operation.

’ 3.4.2.2.6 Endurance.- All non-standard components shall be capable
of pertorming a total number of operating cycles greater than the total
number of cycles expected during normal in-service operation.

3.4.3 Servicing.- The following procedures are recommended tor
servicing the service reaction control subsystem during pre-launch e
operations. L

SID 62-541
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3.4.3.1 Servicing Time.- Pressurization systems and propellant system

fluids shall be loaded into the spacecraft after the crew has beem placed
aboard.

3.4.3.2 Propellant lLoading Sequence.- The propellant fluids shall
not be loaded simmltaneously. The liquid oxidizer shall be loaded prior
to the loading of the liquid fuel.

3.4.3.3 loading Points.- Each helium, fuel and oxidizer tank shall
be provided with a single loading point. Manual quick disconnect point
to provide the required ground to spacecraft fluid median transfer connections.

3.4.3.4 YVent Points.- During fuel and oxidizer loading operations,
the opposite side of the positive expulsion device shall be relieved of all
restricting pressure by means of the helium downstream vent valve. Manual
quick-disconnect type couplings shall be used at each vent point to provide
the required ground to spacecraft commections.

3.4.3.5 Positive Sealing Provisions.- For the purpose of positively
sealing the pressurization and propellant systems upon the completion of the
loading operations, the airborne quick disconnect half coupling shall incorp-
rate a mamually installed dust cover. The dust cover shall contain second-

‘ ary sealing provisions.

3.4.4 Preflight Checkout.- The following preflight checkout provisions
shall be incorporated into the design of the serwice reaction control sub-

system.

3.4.4.1 Fittings.- Fittings, as shown in Figure 1, shall be provided
to permit purging and helium leakage checks throughout the entire subsystem.
The fittings shall also be utilized for pressure regulator and control
valve flow checks and for checking normal and emergency valve sequencing.

3.4.4.2 Instrumentation.~ Provisions for the shecking of all sen-
sors and other instrumentation shall be incorporated.

3.4.4.3 Expendable Component Replacement.~ Provisions for the
replacement of expendable components, such as squib valves and burst
discs, shall be incorporated.

3.4.4.4 Filter Replacement.- Provisions for the cleaning or replace-
ment of system filters shall be incorporated.

3.4.4.5 Subsystem,- Provisions for the static firing of the entire
subsystem, prior to flight, shall be incorporated.

‘3.4.5 Subsystem Integration.- The service reaction control subsystem
‘ shall be integrated with the following spacecraft subsystems.

5. ::L:‘ o
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3.4.5.1 Crew Subsystem.- The service reaction control subsystem
shall be integrated with the crew subsystem, as specified in NAA specifi-
cation SID 62-81.

3.4.5.1.1 Normal Functions.- Preparation of the subsystem for
engine ignition shall be a crew function. The crew shall monitor the
following subsystem parameters:

(a) helium tank pressures and temperatures
(b) oxidiger manifold pressure
(c) fuel manifold pressure.

3.4.5.1.2 Emergency Functions.- In the event of an emergency,
the crew shall be able to manually override the automatic subsystem
operations. The crew shall have the following additional capabilities:

(a) terminating and isolating the operation of either
system A or system B in the event of the failure of
one of these systems

(b) providing an alternate path for the pressurized
helium in the event of the failure of the pressure
regulation system

(¢) providing a means for using the fuel and/or oxidizer
of one system (A or B) to feed the engines of both .
systems in the event of the failure of the fuel and/ =
or oxidizer supply of one of the systems

(d) the rocket engines shall be capable of operation
by electrical signals manually originated by the
crew.

3.4.5.2 Electrical Power Subsystem, - The service reaction control
shall be integrated with the electrical power subsystem, as specified in
NAA Specification SID 62-83,

3.4.5.2.1 Function,- The electrical power subsystem shall provide
all electrical power requirements of the service reaction control subsystem,

=16
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3.4.5,3 Guidance and Control Subsystems, - The service reaction
control 1subsystem shall be integrated with the navigation and guidance e
subsystem and the system stabilization and control subsystem as specified .. ;
in NAA Specification SID 62-84, and SID 62-85, respectively. V

3.4.5.3.1 Function,- The service reaction control subsystem
shall accept control signals from the guidance and control subsystems.

¢ 3.4.5.4 Telecommunication Subsystems, - The service reaction
control subsystem shall be integrated with the telecommunications sub-
system, as specified in NAA Specification SID 62-86. :

3.4.5.4.1 Function,- The telecommunications subsystem shall
provide the instrumentation and display values for the crew subsystem
monitoring functions specified in paragraph 3.4.5,1,1,

3.4.6 Environmental Requirements, - General environmental
requirements for the service reaction control subsystem are specified
in paragraph 6 of NAA Specification SID 62-65,

3.4.6.1 Propellant Temperature, - The propellant temperature
shall be maintained within the temperature range of +40 F to +120 F,

3.5 Identification of Product, - The identification of all components
comprising the service reaction control subsystem shall be in accordance
with Specification MIL-STD-130,

3.6 Cure Date,- Marking, governing replacement of synthetic
rubber parts (excluding silicone rubber compounds) shall be in accord-
ance with ANA Bulletin 438,

3.7 Reliability Requirements, -

3.7.1 General.- General reliability requirements for the space- S
craft are specified in paragraph 7 of NAA Specification SID 62-65, A relias™ -
bility program that conforms to the requirements of Specification '
MIL,-R-27542 and NASA Publication NCP 200-2 shall be established for
all components comprising the service reaction control subsystem.

3.7.2 Numerical Reliability Requirements.- The service
reaction control subsystem shall have a reliability of ,996 under the
environmental conditions and operating life specified, i

3.7.3 Reliable Operating Life, - The service reaction control
subsystem shall have a reliable operating life of at least 1000 seconds
without removal for servicing.

-17 -
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4, QUALITY ASSURANCE PROVISIONS

4,1 General,- The requirements specified in MIL-Q-9858 and
NASA Quality Publication NCP 200-2 form a part of this specification, o
¢ Inspections and tests to determine conformance of the system to L
contract and specification requirements shall be conducted prior to ,
submission of the article to NASA or in the presence of a NASA repre- P
sentative. Results of inspection tests on major components shall be
submitted to NASA for review. Other acceptance test data relative
to this specification shall be maintained and made available for review
by NASA upon request.

EE A

5. PREPARATION FOR DELIVERY

5.1 General. - Preparation for delivery of the subsystem shall be
in accordance with Specification SID 62-240, All preservation and
packaging methods shall be compatible with the subsystem and in
accordance with delivery modes, destinations, and anticipated storage
periods, .

. M

6. NOTES

- 18 -
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